This experimental research assessed the engineering and geotechnical properties of Aluminum dross (ALDR). Glumly, this solid waste is usually open dumped with detrimental effect on the environment. In a bid to reduce solid waste in the environment and also improve pavement interlayer properties, this research utilized ALDR as a stabilizer for tropical lateritic soil. The lateritic soil was stabilized with the addition of this solid waste at 2% intervals from 2% to 16%. Response surface analysis was used in optimizing the strength and consistency of the stabilized soil sample. The addition of this non-conventional stabilizer helped in modifying the engineering properties of the soil sample, this had indications on the atterberg limit as the liquid limit, and the plasticity index increased from 43% to 54.61% and 28.02%-40.8% respectively, while the plasticity index reduced from 15.1% -13.8% signifying soil improvement. The load-bearing capacity of the sample increased from 51.22% to 62.41%. Additionally, the unconfined test showed that addition of ALDR residue improved the consistency of the stabilized soil sample. From the model equation, a positive relationship exists between CBR and UCS. R 2 value of 0.81 showed the robustness of the model developed. The research showed that aluminum dross is a suitable material for improving the engineering properties of the tropical lateritic soil towards a sustainable road construction.
Introduction
The demand for sustainability in road construction is gaining interest due to the scarcity and increased cost of natural aggregate. This is now becoming a global issue. The construction of highway structures to a very large extent depends on the strength of pavement interlayer material. Therefore, it poses a great challenge to both highway and Geotechnical engineers [1] . The cost of construction, especially road construction may be very high if the unsuitable material is encountered. In an attempt to improve the engineering properties of weak soils for pavement applications, the choice of stabilization is a viable and cost-effective option as these soils will be too expensive to be completely eliminated. Stabilization is a method used in enhancing the Geotechnical and engineering properties of soils to meet up with the requirement and specification of construction [2] [3] [4] . Several types of research have been carried out in the past with the use of conventional inorganic stabilizers like [5] [6] [7] [8] [9] [10] [11] [12] [13] . These conventional stabilizers are expensive, and as such, it increases the construction cost of the pavement layers. Recent developments now focus on the use of waste or ash in stabilizing soil properties in a bid to promote trash to treasure. The amount and type of waste generated globally increase with an increase in population. These wastes remain in the environment for a longer duration since it is unused. The waste disposal crisis arose due to the creation of non-decaying waste materials, one of such waste is aluminum dross. Aluminum dross is one of the enormous solid wastes generated globally from aluminum production industry. A million tonnes of this waste is being generated as asserted by [14] [15] and most often in developing nation, it is usually open dumped as seen in Nigeria. Hence, engineers are left with the task of stabilization.
Such wastes include ALDR residue which is usually open dumped and pose a serious environmental hazard to the environment. According to [16] aluminum dross waste comprises of Heavy metal, salts oxides, and other non-metallic substances also the cost of excavating this waste is a big task for the industry and the environment at large. Used this material in improving the strength of foundation material. There exists a dearth of literature in the Utilization of this solid waste in the road construction process which definitely will help in bringing up greener and ecofriendly environment. In an attempt to reduce the solid wastes in the environment, the waste is utilized in soil stabilization process in road construction. There exists a dearth of literature on the use of this waste in soil stabilization. Hence, this research evaluated the engineering properties of aluminum dross in stabilizing lateritic soil for road construction.
Motivation
The use of aluminum dross waste has been used to make refractory materials such as brick. The utilization of this waste, improves stiffness, abrasion resistance, and control micro-cracking of materials [16] . According to the analysis of the author, the other elements with 27% comprises of compounds common to pozollanic materials ( Figure 1 ). Additionally, mechanical property evaluations revealed the possibility for dross waste to be utilized as an active aggregate in concrete, resulting in up to 40% higher flexural strength and 15% higher compressive strength compared to pure cement. This unique strength properties of aluminum dross a solid waste, in the stabilization of the lateritic soil motivated this research. 
Methodology

Materials
(a) Soil The lateritic soil sample was derived from the lateritic soil sample was obtained from kilometer 10 Idiroko road Ota, Ogun State Nigeria (Plate 2). Potable water was derived from the department of civil engineering in the same institution.
(b)
Aluminum dross Aluminum dross was obtained from an open dump site of an aluminum producing industry in southwestern Nigeria (Plate 1). Plate 2 shows the lateritic soil used in the research. The aluminum dross sample is greyish in colour and was obtained in lump form. To conform with the specification for stabilization, it's been air dried and crushed to powder form and sieved (through sieve 425µm) as suggested by [17] . 
Sample Preparation and Test
The aluminum dross was collected from a steel rolling mill industry and was transported to the laboratory. Other solid wastes present in the aluminum dross were removed before it was air dried. It was then pulverized to reduce the particle size. The approach adopted for this research was to vary the aluminum dross content in 4, 8, 12 and 16% of the air-dried weight of the lateritic soil sample.
The aluminum dross was measured by the ratio of its weight to the dry weight of the soil, expressed as a percentage. Several tests were carried out on the soil sample to assess improvement in the Geotechnical properties of the stabilized soil as a pavement interlayer material. The tests conducted are divided into two viz; i. Preliminary Tests ii. Engineering Tests Soil sample test (Lateritic soil) Sieve analysis, Atterberg test is the major preliminary test carried out on the soil sample. CBR, Unconfined compressive strength, and compaction test are used to ascertain the strength and consistency test of the stabilized soil sample.
Methods
The liquid limit and plastic limit tests were conducted by [18] . During the compaction process, a soil at selected water content was placed in three layers into a mold of standard dimensions, with each layer compacted by 25 blows of the rammer dropped from a distance of 305 mm, subjecting the soil to the total compaction effort. Standard Proctor tests were carried using [19] and [20] standards. The unconfined compression strength (UCS) has been used by [9 and 21] . in assessing the strength, consistency, and the effectiveness of soil stabilization. Table 1 showed the result of the preliminary test carried out on the lateritic soil sample. Physical observation showed that the soil was reddish brown and classified as A-2-6 soil. The result of the preliminary test and strength index (Table 1) showed that it was a good subgrade material according to the specification of Nigeria General specification for road and bridges. Figure 2 showed the result of the specific gravity of the lateritic soil sample with ALDR addition at 2% to 16%. The result showed that the highest specific gravity was at 4% addition of the solid waste and the lowest was at 16%. The peak of the specific gravity was at 4% (2.56), and the lowest value was at 16%. 
Result and Discussion
Soil Sample
Atterberg Limit
The result obtained revealed undoubtedly that addition of Aluminum dross residue to soil altered the liquid limit. An increase in the solid waste (Aluminum dross) content from 0% to 16% led to a rise in the liquid limit from 42.87% to 54.61%. The result showed that a positive relationship exists between the plastic limit and ALDR addition up till 16% (Figure 3 ). There exists an increment in the plastic limit from 28.02% to 40.8% (Figure 4 ). The almost flat curve of the liquid limit and plastic limit can be explained by the predominance of kaolinite, with its low cation exchange capacity in the laterite soil of Southwest Nigeria as reported by [22 and 23]. 
Plasticity index of the sample with ALDR
Addition of ALDR to the sample reduced the plasticity index from 15.1% to 13.8%. This showed an improvement in the soil sample ( figure 5 ).
In this research, Plastic Index (PI) and Liquid Limit (LL) of the sample was 14.75 and 42.87 respectively. Hence the sample is within the range of intermediate plasticity. Plasticity index according to [24 and 25] has its own range too; plasticity index of 10 -20 is an indication that the plasticity is medium. The improvement in the atterberg limit of the stabilized soil sample may be attributed the presence of aluminum and silica in the chemical composition of the waste, as these elements improve the pozollanic behaviour of the stabilizer and hence improving the Geotechnical properties of the soil. 
3.5
Engineering Test
Effect on Compaction Indices (Maximum Dry Density)
The compaction test which is often used to indicate the strength of the materials. The result revealed that upon the addition of ALDR residue there is a drop in the maximum dry density (MDD) of the sample. Figure 5 showed that at every increase in aluminum dross residue content, the MDD obtained decreased in value from 1,73 to 1.55 ( Figure 6 ). This followed a similar trend with the effect of Bagasse ash on the lateritic soil as asserted by [17] . According to the same author, the reduction in MDD is as a result of the specific gravity of the stabilizer. In this case, the specific gravity of (ALDR) residue is lower compared with the lateritic soil considered. 
Optimum moisture content (OMC)
The result of the optimum moisture content revealed that more moisture was needed to attain maximum density. This implies that the aluminum dross added to reduce the pore spaces available in the compacted soil sample. This invariably made water absorption by the stabilized sample difficult as compared with the un-stabilized sample (Figure 7 ). The plot of the optimum moisture content (OMC) with the variation of the solid waste used in stabilizing showed that there was an increment from 15.02% to 19.01% (Figure 8 ). This, according to [17] could be as a result of the excess moisture held in the flocculent soil structure as a result of the excess water absorbed. At a particular point the higher the moisture content, the lower the dry density, as asserted by the following authors This agrees with [25 and 26] , and other concluded research works. 
California Bearing Ratio (CBR)
The CBR value gives a rough idea of the shear strength and bearing capacity of the soil, progressive cementation and the pozzolanic ability of the aluminum dross sample. Upon the addition of ALDR to the soil sample the load-bearing capacity of the increased which indicated an improvement in the soil strength as seen in Figure 9 . This follows a similar trend with bagasse ash and corncob ash by [17 and 23] . Further increment in the percentage of aluminum dross increased the CBR from 51.22% to 62.41% (Figure 9 ) although the increment is not as high as that of the conventional stabilizers according to research carried out by [23] . Figure 9 : California Bearing Ratio test.
Unconfined compression strength test
The UCS increased from 244.03 to 423.94 which indicate an improved consistency of the soil with aluminum dross as a stabilizer. The use of ALDR due to its good binder matrix positively affects the unconfined compressive strength of the lateritic soil ( Figure 10 ). 
Mathematical Relationship of the effect of Plasticity Index and CBR on UCS
Analysis of variance was carried out to determine if the effect of unconfined compressive strength, plasticity index, and California bearing ratio are statistically significant. The F value indicates that the dependent variables are significant by comparing the joint effect of the parameters examined. The P value is less than 0.05 which indicates a strong evidence against the null hypothesis ( Table 2 ). The "Pred R-Squared" of 0.81 is in reasonable agreement with the "Adj R-Squared" of 0.79 as shown in Table 3 Contour plots and response surface 3D plot of the relationship between UCS, CBR and PI Figure 11 shows the 3D and contour plots and Figure 12 shows the 2D view of the effects of CBR and PI against the UCS.The result revealed that at higher percentage of CBR the UCS increases. This followed a similar trend with the mathematical equation (Equation 1). However increase in the PI reduces the UCS of the stabilized soil. Figure 11 : 3D plot of the responses. Figure 12 : Contour plot of the responses.
Optimization of the stabilization process using Aluminum Dross
The result of the numerical optimization using the varied parameters is as shown in Table 4 . This shows the importance and solutions of the numerical optimization process. From the table the highest value of CBR (56.81KN) would be obtained at a PI value of 13.8. This is only valid for the choice of pavement interlayer material used in this research. Further study should focus on the the optimization process using other types of pavement interlayer material. 
Conclusion
Aluminum dross, solid waste from aluminum producing industry was used in improving the Geotechnical properties of tropical lateritic soil. The result showed that:
The utilization showed that the atterberg limit of the sample was altered with its addition. The plasticity index reduced from 15.01% to 13.8%.
i. Further increment in the percentage of aluminum dross increased the CBR from 51.22% to 62.41% at 16% which is the optimum. ii. The UCS increased from 244.03 to 423.94 which indicate the improved consistency of the soil with aluminum dross as a stabilizer. iii. The improvement in the strength and index properties of the lateritic soil gave an alternative use for aluminum dross. iv. From the model equation, a negative relationship exists between the plasticity index and UCS. v. From the equation, a unit increase in the plasticity index will bring about a 9.2 KN/mm 2 reduction in the UCS.Additionally, a percentage increase in the CBR will bring about a 14.1kN/mm 2 increase in the UCS of the stabilized sample.
Therefore the result of both preliminary and engineering tests showed that aluminum dross is a suitable material for improving the engineering properties of the tropical lateritic soil also solid waste is also reduced giving rise to a greener environment.
Recommendation
Further study should focus on the the optimization process using other types of pavement interlayer material especially expansive soil which the author is working on.
